In this study, humic acid-immobilized-aminemodified polyacrylamide/sepiolite (Ha-Am-Paa-Sep) and phytic acid-modified polyacrylamide/sepiolite composites (Phy-Paa-Sep) were prepared and characterized for removal of Cu(II) and Ni(II) from aqueous solutions. The effects of contact time, initial concentration of adsorbent and metal ions, pH and temperature on the adsorption process were investigated. The optimum adsorption of metal ions occurred at pH 5 and 25°C. Ion exchange and complexation reactions were the main mechanisms for adsorption of metal ions. Removal of metal ions followed a pseudo-second-order kinetics and equilibrium occurred after 60 min. The conformity of various adsorption models to the equilibrium data was evaluated among which Freundlich isotherm model gave the best fitting result. The highest monolayer adsorption capacity of Cu(II) and Ni(II) ions were 244 and 250 mg · g −1 for Ha-Am-Paa-Sep and 256.4 and 277 mg · g −1 for Phy-Paa-Sep, respectively, at room temperature. Ultimately, desorption experiments were performed and the results showed approximately 95% of adsorbed metal ions were desorbed.
Introduction
Toxic metal ions are one of the main environmental hazard materials found in the effluents of various industries such as metallurgical, nuclear power plants, mining, battery production, metal coating, etc. (1) . Toxic and nonbiodegradable metal ions cause water/soil pollution that can harm human and living organisms in longterm. Cu (II) and Ni(II) are among the most common metal ions present in industrial sewage. The accumulation of these pollutants in the human body can cause serious health risk (2) . According to the US Environmental Protection Agency (EPA), the maximum permissible level of copper in drinking water is 1.3 mg · l −1 (3) and the acceptable nickel range for a life time is 0.1 mg · l −1 (4) . Due to the harmful effects of metal ions on human beings, researchers are actively looking to develop an efficient, cost-effective and sustainable method in order to isolate the poisonous metals from the aquatic environment. So far, several methods including electro-deposition, adsorption, reverse osmosis, ion exchange, filtration and chemical precipitation have been applied (5) . Among these methods, adsorption and ion exchange are two outstanding techniques which can be used in order to remove metal ions from wastewaters (6) .
Today, agricultural residues, clays and industrial waste products have been widely used as solid adsorbents. Normally, these adsorbents are used in low cost wastewater treatment (7) (8) (9) (10) (11) (12) (13) . Sepiolite is a kind of natural clay mineral with the chemical formula of magnesium hydrosilicate (Mg 4 Si 6 O 15 (OH) 2 6H 2 O). This substance exists as a fibrous chain-structure mineral in clays in several regions of the earth. Properties such as white color, high adsorption capacity, low specific gravity, chemical composition and low thermal conductivity have made sepiolite a practical clay in many industrial applications (14) . Many studies have been carried out to investigate application of natural sepiolite as an adsorbent in the field of wastewater treatment, catalyst support and solid wastes to reduce the toxic effects of some metal ions and pesticides (15) .
Polymer/clay composites, owning to their specific features, have been considered as suitable materials for a large number of applications especially, removal of metal ions. Gas permeability, structural flexibility, fire retardant, high particle dispersion and thermal and mechanical stability are some of these appropriate properties. In fact, these features can be attributed to the porous structure and high surface area of these compounds (16) . Polymer/ clay composites have been used to separate different types of contaminants. For example, humic acid-immobilizedaminemodified polyacrylamide/bentonite composite (HA-Am-PAA-B) as an adsorbent has been synthesized to remove Cu(II), Zn(II) and Co(II) ions from aqueous solutions. The amine-modified poly acrylamide-bentonite composite has also been prepared in order to isolate humic acid in aquatic solutions (2) .
In the present work, two novel adsorbents based on sepiolite were synthesized and used for the removal of metal ions from industrial wastewater. These two adsorbents namely humic acid-immobilized-amine-modified polyacrylamide/sepiolite composite (Ha-Am-Paa-Sep) and Phytic acid-modified polyacrylamide/sepiolite composite (Phy-Paa-Sep) were examined to isolate Cu(II) and Zn(II) from aquatic solutions. Our findings demonstrated that they possess superb adsorption capacity toward metal ions. To the best of our knowledge, research on modification of sepiolite using humic and phytic acids to remove Cu(II) and Zn(II) from aquatic solutions have been rarely reported. In this work, the effects of contact time, initial concentration of adsorbent and metal ions, pH and temperature on the adsorption process were carefully investigated, and the optimum condition of polymerization process was thermally determined using TGA. In addition, kinetic and regeneration studies were carried out for better comprehension of the dynamics of metal ions adsorption and suitability of the applied adsorbents for long-term use, respectively.
Materials and methods

Materials
Submicron-sized sepiolite particles and phytic acid were provided from research institute of petroleum industry (Tehran, Iran) (>95%) and Sigma-Aldrich (Saint Louis, MO, USA) (>99%), respectively. Ethylenediamine (EN) (>99%), CuNO 3 · 6H 2 O (>98%), NiNO 3 · 6H 2 O (>98%), N,N,N′,N′,N″,N″ Hexamethylenediamine (HMD) (>99%), N,N′ Methylenebisacrylamide (N,N′ MBA) (>99%), K 2 S 2 O 8 (>99%), NaCl (>99%) and Acrylamide (>99%) were purchased from Merck (Darmstadt, Hesse, Germany). Sodium salt of humic acids (HA) was supplied by Fluka (Buchs, Switzerland) (>99%). All materials, reagents and solvents were used as received. It should be mentioned that all graphs were plotted using Microsoft office excel 2007 (Los Angeles, CA, USA).
Ha-Am-Paa-Sep preparation
Ten grams of sepiolite were first mixed with 1 l of 1 mol · l −1 NaCl solution using a magnetic stirrer for 15 h at ambient temperature. Afterward, the solid phase was separated using centrifugation followed by vacuum filtration. The solids collected on the filter paper were thoroughly washed by distilled water in order to eliminate the remaining chloride ions. According to the following reaction, Nasepiolite was achieved.
SEP OH NaCl SEP O Na HCl
In the next step, 20 g acrylamide monomer was dissolved in 50 ml distilled water. In the meantime, 250 ml distilled water was added to 10 g of Na-sepiolite separately. Subsequently, they were mixed under a nitrogen purge in a round-bottom flask equipped with a condenser until a homogeneous suspension was formed. To start the polymerization reaction, 1.6 g N,N′MBA and 0.5 ml HMD along with 500 mg K 2 S 2 O 8 (as an initiator) were added to the system and they were mixed for 6 h at 60°C. It is worth noting that the temperature was increased gradually to reach the desired point (60°C). After completion of the reaction, the product was rinsed using hot distilled water to get rid of all homopolymers. Applying centrifugation and filtration, the solid phase was isolated and then was placed into the oven at 70°C overnight. Generally, sepiolite is made up of numerous interlayers which can be filled by acrylamide chains. In other words, polymer chains can be embedded among sepiolite cavities during the polymerization reaction. In fact, polyacrylamide was replaced with sodium ions in Na + -sepiolite and they were grafted onto the sepiolite, thus Paa-sepiolite was prepared.
For grafting amine to the reformed adsorbent, 10 g Paa-sepiolite along with 50 ml ethylenediamine were mixed for 4 h using a magnetic stirrer at 80°C. The pH was adjusted at 11 for an enhanced amination procedure (2) . After completion of the reaction, the product was filtered rinsed with NaCl solution and dried at 70°C overnight. The gained output at this stage was named Paa-Am-Sep. Through this process, by adding ethylenediamine to the Paa-sepiolite, double bounds of C=O were broken down and then replaced by a single bound of C-N. Therefore, grafting of humic acid to the adsorbent can be done more feasibly which will be discussed in the following paragraph.
Ultimately, 10 g Paa-Am-Sep was added to 100 ml distilled water and the mixture was mixed for an hour. Afterward, 500 ml humic acid (1.25 mmol · l −1 ) was added to the mixture and stirred at ambient temperature for a day. The pH of the reaction was adjusted around 4. The obtained sample was then filtered and dehumidified at 50°C. The final product, called modified sepiolit (Paa-Am-Ha-Sep), was utilized for further experiments. It is noteworthy to mention that the acid contains carboxyl (COOH) groups which have the capability to adsorb cationic ions (such as metal ions), therefore grafting humic acid to sepioilte can enhance adsorption efficiency.
Phy-Paa-Sep preparation
The second type of reformed adsorbents was provided by grafting phytic acid to Paa-Sep adsorbent which was prepared in advance. In brief, specific amounts of Paa-Sep adsorbent were mixed with 1.25 mmol · l −1 phytic acid for 24 h. The ultimate product of this stage is Phy-Paa-Sep. Both modified adsorbents were studied to separate metal ions from waste water.
Polymerization procedures
The polymerization reaction is regarded as by far the most important part to modify pristine sepiolite adsorbent, so optimizing the kinetic parameters of the reaction is really crucial. In other words, the rise in grafted polymers to sepiolite leads to the growth in adsorption efficiency, but only up to a certain point. For this purpose, effects of changes in monomer concentration, reaction time and time of adding catalyst on weight percent of reformed adsorbents were investigated. Table 1 shows details of the experimental condition applied for polymerization reactions. Apart from monomer concentration other factors were kept constant (reaction time was determined at 4 h and catalyst, HMD and MBA were added simultaneously) and three different sepiolite to monomer weight ratios were tested, i.e. 1/2, 1/3 and 1/4. At the second stage, three various reaction times were considered, i.e. 4, 6 and 8 h and weight ratio of sepiolite to monomer was adjusted to 1/2. Identical to the former step, catalyst, HMD and MBA were added at the same time. Finally, the weight ratio of sepiolite to monomer and the reaction time were determined at 1/2 and 4 h, respectively. In the last two experiments, catalyst was added in two different ways: in the first experiment (Sep/2AA/cat), catalyst was added 30 min after pouring HMD and MBA, and in the second one (Sep/2AA/cat2), the catalyst, acrylamide and sepiolite were added to the system simultaneously and MBA and HMD were poured into the reaction chamber after 30 min (Table 1) . To calculate the increase in weight percent of samples, the following equation was applied:
where w 1 is the primary adsorbent weight (g), w 2 is the reformed adsorbent weight (g) after grafting and w% is the percentage of increment in the reformed adsorbent weight.
Characterization methods
Fourier transform infrared (FTIR) spectroscopy was employed to record spectra of primary and modified sepiolite using a Bruker FTIR spectrometer. The wavelength range was between 4000 and 450 cm −1 applying the KBr pellet technique. Thermal gravimetric analysis (TGA) of samples was studied employing PL-TGA device (UK). The samples were heated from 25°C to 1000°C at heating rate of 10°C · min −1 under a nitrogen purge. To investigate the amount of adsorbate a Varian atomic absorption spectrophotometer was utilized (AA240, USA).
Metal adsorption process
Adsorption experiments were conducted in order to investigate the performance of the prepared adsorbent for uptake of metal ions. The stock solution of copper and nickel ions was first provided using distilled water. Afterwards, a 100 mg · l −1 standard solution of copper and nickel ions was prepared using stock solution. Then, 0.1, 0.2, 0.3 and 0.4 mg of the adsorbent were added to four beakers containing 50 ml of the standard solution separately. Finally, prepared solutions were stirred for 4 h using a magnetic stirrer. After reaching the equilibrium, the two phases were separated using a centrifugation process at 3000 rpm for 6 min. The liquid phase was analyzed for metal ions by atomic absorption spectrophotometer. The adsorption percentage (S%) was calculated using the following equation:
where C 0 and C e are the initial and the equilibrium concentration of metal ions (mg · l −1
). The one-factor-at-the-time approach was used to optimize the parameters including: adsorbent concentration, temperature, pH and contact time. In order to optimize the adsorbent dosage, other parameters including pH, metal ions concentration and contact time were kept constant and adsorbent dosage was altered from 0.1 to 0.5 g. Likewise, influences of the changes in contact time (from 0 to 120 min), temperature (from 0 to 45°C) and pH (from 1 to 7) on the performance of prepared adsorbents were also studied by keeping other factors constant.
To characterize the adsorption isotherms, the concentration of metal ions was investigated in the range of 10-100 mg · l −1
. After adsorption experiments, desorption studies were performed. For this purpose, loaded adsorbents were added to the desorbing agent, i.e. HCl at 0.1 mol · l −1 concentration. The desorption percentage (D%) was calculated using the following equation:
where C des is the concentration of metal ions in solution after desorption (mg · l −1
), determined by atomic absorption spectrophotometer. Subsequently, adsorption-desorption cycles were carried out to assess the reusability of prepared adsorbents. The equilibrium adsorption capacity was calculated using the following equation:
where q e is the amount of adsorbed per unit adsorbent weight (mg · g −1
), C 0 and C e are the initial and the equilibrium concentrations of metal ions (mg · l −1 ), V is volume of reactor (L) and W is mass of adsorbent (g). Figure 1 depicts FTIR spectra of various stages of Ha-AmPaa-Sep preparation. The infrared (IR) spectrum of pristine sepiolite is exhibited in Figure 1A , a strong peak at 974 cm −1 can be attributed to the vibration of Si-O-Si bonds. Na-sep spectrum is shown in Figure 1B , the broad peaks at 3650 and 3434 cm −1 stand for O-H stretching vibration which can be assigned to the formation of Si-OH bonds. In addition, the effect of the interaction between sepiolite and salt leads to the intermolecular bounding, which is responsible for the slight shift of Si-O-Si peak from 974 to 1020 cm −1 ( Figure 1B ). Paa-Sep IR spectrum is shown in Figure 1C , the peak at 1660 cm −1 symbolizes the C=O (amide) stretching vibration which confirms the reaction between sepiolite and acrylamide took place. Furthermore, the broader band at 3419 cm −1 is responsible for N-H stretching vibration which is due to the amine groups. As can be seen, the Si-O-Si peak was shifted marginally from 1020 to 1015 cm −1 which can be considered as another reason for the reaction between sepiolite and acrylamide ( Figure 1C ). The spectrum relating to Am-Paa-Sep is represented in Figure 1D . As indicated in this figure, grafting ethylenediamine to the Paa-Sep leads to the breakage of C=O bonds followed by C-N bonds formation. The peaks at 1665 and 1080 cm −1 correspond to the N-H bending and C-N stretching vibration, respectively. These peaks are convincing evidence for the presence of amino groups within Am-Paa-Sep. Ha-Am-Paa-Sep IR curve is exhibited in Figure 1E , bands at 1658 (C=O) and 1451 cm −1 (C-O) can be assigned to the carboxyl (COOH) groups of humic acid. Comparing Figure 1D and E, it is evident that after bonding humic acid to Am-Paa-Sep, the N-H bond vibration (stretching and bending) peaks at 1665 and 3419 cm −1 were shifted slightly to 1710 and 3433 cm −1 , respectively. It can be concluded that humic acid and amino groups on Am-Paa-Sep formed chemical bonds. Figure 2 shows TGA curves of pristine sepiolite and four types of modified adsorbents prepared using different polymerization conditions. Modified adsorbents which were selected to evaluate in terms of thermal stability are presented in Table 1 (1, 3, 5 and 6 experimental runs). In the first three samples, the catalyst, HMD and MBA were added simultaneously to the reaction chamber and polymerization was carried out under various sepiolite to monomer weight ratios and reaction times. In the last sample i.e. Sep/2AA/ cat, the catalyst was added to the reaction chamber 30 min after pouring HMD and MBA (Table 1) .
Results and discussion
FTIR analysis
Thermal gravimetric analysis
Given the curves B, D and E in Figure 2 , it is evident that the changes in the reaction time and time of adding catalyst on thermal stability of reformed adsorbent are negligible. However, the increase in the amount of monomer showed a direct impact on the thermal stability. In other words, the increase in the amount of monomer (from 2 to 4) caused a decline in thermal stability of the modified adsorbent (Figure 2, curve C) , which is because of the higher amount of polymers grafted to sepiolite. As can be observed in Table 1 , the highest increase in the weight percent of samples is for Sep/4AA (62%). As shown in Table 1 , the increase in reaction time from 2 to 8 h led to a small increment in weight percent of samples from 50 to 54% and slight decrement in thermal stability of reformed adsorbent (Figure 2 , curve D), which is considered to be insignificant.
As can be observed in Figure 2 , there is a slight decrement in weight loss of adsorbents from 25 to 100°C, which can be attributed to the evaporation of water adsorbed by adsorbents. Furthermore, compared with modified adsorbents, pristine sepiolite adsorbed more water. Therefore, it can be concluded that after polymerization reaction due to the functional groups grafted to sepiolite, a smaller amount of water can be adsorbed on modified adsorbents. From 100 to 200°C, apart from pristine sepiolite, a slight reduction in weight loss of adsorbents was observed. In fact, this observation can be attributed to the decomposition of impurities and low molecular weight polymers which were grafted on sepiolite. The presence of polyacrylamide within reformed adsorbents can be confirmed here, due to the fact that no weight loss can be seen for pristine sepiolite in the mentioned temperature range. Finally, a dramatic dip in weight loss of reformed adsorbents can be observed from 200 to 400°C which might be associated with decomposition of grafted polymers. It is true that the rise in monomer concentration leads to the increase in grafted polymers and subsequently results in the growth in adsorption efficiency, but this applies only up to a certain point. In fact, once the ratio of monomer to sepiolite exceeds 2, it adversely impacts the thermal resistance of prepared adsorbents (Figure 2) . Additionally, the lower monomer to sepiolite ratio makes prepared adsorbents much more economically feasible.
Effects of pH on metal ions adsorption
It is confirmed that pH has a significant effect on the adsorption process. Hence, the effects of pH on adsorption of metal ions were carefully examined. Figure 3 depicts the effect of variation in pH on adsorption of metal ions using Ha-AmPaa-Sep and Phy-Paa-Sep. In order to conduct the experiments, adsorbent and contaminant concentration were kept unchanged and adjusted at 0.1 g · l −1 and 100 mg · l −1 , respectively. Moreover, the contact time was kept constant (1 h) and experiments were carried out at ambient temperature. Owing to the fact that metal salts precipitate in alkaline pH, all experiments were carried out in the range of acidic pH. Given Cu 2+ adsorption in Figure 3 , it is evident that the increment in pH from 1 to 5 led to the dramatic increase in adsorption of Cu 2+ . However, a further rise in pH values from 5 to 7 resulted in a substantial decline in Cu 2+ removal. As a consequence, pH 5 was considered as the optimum pH for the Cu 2+ adsorption process. It should be noted that the pHpzc of adsorbents were determined based on the pH drift method, the corresponding values were about 4.8 for both prepared adsorbents (17) . The pHpzc of adsorbent indicates the point at which the overall charge of adsorbent is zero.
As there are many functional groups such as carboxyl or phosphate groups in the structure of prepared adsorbents, the overall charge of the each adsorbent depends on the ionic state of its functional groups, which can change at various pHs. Therefore, at pH lower than pHpzc, minor electrostatic attraction forces between adsorbent and Cu 2+ prevents adequate adsorption of metal ions on reformed adsorbent. By raising the pH from 1 to 5, the strong competition between H + and Cu 2+ ions for adsorbing on adsorbent is reduced, and functional groups on the adsorbent tend to be negatively charged leading to higher adsorption capacity of Cu 2+ ions due to their opposite electric charges.
Conversely, at pH higher than pHpzc (pH 5-7) the adsorbent possess positive charges, and reduced Cu 2+ adsorption to some extent can be attributed to the electrostatic repulsion. On the other hand, the solubility of Cu(OH) 2 is more at lower pH and descends noticeably at higher pH. By further increase of pH, Cu(OH) 2 tends to precipitate and as a result, the majority of cooper ions are removed from the solution. Therefore, there is a narrow pH range at which the optimum Cu 2+ adsorption takes place which is around pH 5 in this work (2, 17) .
A similar trend can be observed for Ni 2+ adsorption. At lower pH (<5), there is a serious competition between H + and Ni 2+ ions for adsorption and at higher pH (>5), adsorption of contaminant decreases considerably. Consequently, the optimum pH for Ni 2+ was considered to be 5. In general, phosphate groups of phytic acid and carboxyl groups of humic acid have a great desire to make bond with divalent cations (such as copper and nickel ions) (2, 18) . As shown in Figure 3 , metal ions adsorbed by PhyPaa-Sep are marginally outweighed by those adsorbed by Ha-Am-Paa-Sep. It can be referred to the fact that humic acid is more capable in comparison with phytic acid in terms of interaction with metal ions.
Effect of adsorbent dose on metal ions adsorption
The amount of adsorbent is known to be one of the contributing factors in the adsorption process. In order to investigate the effect of this parameter on the adsorption process, various amounts of adsorbent was applied from 0.1 to 0.5 g, while other factors were kept constant (i.e. pH 5, metal ions concentration at 100 mg · l −1 and 1 h contact time). For both prepared adsorbents, the increase in the amount of adsorbent led to the improvement in the percentage of the removal of metal ions. As can be observed in Figure 4 , the increase in the amount of Ha-Am-Paa-Sep from 0.1 to 0.5 g resulted in an increment in the percentage of contaminants removal from 83 to 96.5% and from 87.5 to 97.5% for Cu(II) and Ni(II), respectively. The same trend was observed for the second type of prepared adsorbent (Phy-Paa-Sep).
Although the rise in adsorbent dose from 0.1 to 0.5 g · l −1 led to the higher metal ions adsorption, it is evident that the major removal (>85%) occurred at the adsorbent dose up to 0.2 g · l −1 and further increase from 0.2 to 0.5 g · l −1 showed no remarkable effect on the removal of metal ions ( Figure 4 ). As it is not economically justified to use a higher amount of adsorbent with no significant effect therefore, the optimum amount of adsorbent was considered as 0.2 g · l Nevertheless, the adsorption capacity (q e ) of metal ions per unit mass of adsorbent (mg · g −1 ) declined at higher amounts of adsorbent. Hence, the system reaches equilibrium at lower values of q e , which indicates that fraction of the available adsorption sites remains inaccessible and most likely unsaturated. Indeed, the number of active sites per gram of adsorbent is not enhanced proportionately, and consequently there is a regular decrease in adsorption capacity (19, 20) .
Effect of temperature on adsorption of metal ions
It is confirmed that temperature plays a significant role in the adsorption process. The effects of temperature on uptake of metal ions are represented Figure 5 . It is evident that the optimum removal of both metal ions took place at ambient temperature (25°C). As the temperature increased from 0 to 25°C, the adsorption rate improved accordingly. This could be attributed to the slight increase of activation energy as well as enhanced intra-particle diffusion of metal ions induced by increased movement of metal ions (21, 22) . Elevated temperatures are known to cause a dramatic decline in adsorption of metal ions. This is most likely due to the nature of the adsorption process and the fact that metal ions adsorbed earlier tend to desorb from the adsorbents surface at high temperatures. Herein, at higher temperatures (25-45°C) removal of metal ions drops considerably. In general, the increment in adsorption of metal ions could be referred to the noticeable increase in average kinetic energy of the metal ions (22).
Adsorption isotherms
Adsorption isotherms are known as fundamental requirements to design sorption systems. These data present some essential information including the capacity of the adsorbent or the reasonable amount of adsorbent to remove a unit mass of pollutant under the system's circumstances. Plotting adsorbed metal ions (q e ) against the equilibrium concentration of copper and nickel ions (C e ) in solution can lead to the equilibrium adsorption isotherms which are illustrated in Figure 6 . Four isotherm models including Langmuir, Freundlich, Temkin and DubininRadushkevich were applied to model the equilibrium data (23, 24) . The outcomes are demonstrated in Table 2 . The creation of a monolayer adsorbate on the outer surface of the adsorbent was explained quantitatively by the Langmuir model. It is worth noting that there is no further adsorption after monolayer formation. The linear equation is shown as follows:
where, q e and q max are the amount of adsorbed ions per unit weight of adsorbent (mg · g −1 ), and the maximum adsorption capacity (mg · g −1 ), respectively. C e is the equilibrium concentration (mg · l −1 ) and b (l · mg −1 ) is the equilibrium constant with respect to the adsorption free energy (22) .
As can be observed in Table 2 , the correlation coefficient (R Comparing with the Freundlich isotherm, it can be concluded that experimental data cannot be described precisely by employing the Langmuir isotherm.
The Freundlich adsorption isotherm is commonly used to describe the adsorption characteristics for the heterogeneous surface. The following empirical equation is used to fit the experimental data:
e f e l ( 1 og q / n logK ) logC + = [7] where q e is the amount of adsorbed per unit weight of the adsorbent (mg · g −1 ), C e is the equilibrium concentration (mol · l −1 ), K f is a constant representing the relative adsorption capacity of the adsorbent [mg · g −1 ·(l · mg −1 ) n ]
and 1/n is the constant which is an expression of the intensity of the adsorption. Regarding Table 2 , it is clear that among the four applied isotherms, Freundlich is the best one which can fit the experimental data most accurately for the adsorption of metal ions on both provided adsorbents. It should be noted that equilibrium condition took place after 60 min. One problem which was not taken into account by the Langmuir and Freundlich isotherms is the interaction among distinctive adsorbates on the adsorbent surface, while this factor has been considered by the Temkin isotherm. The relevant equation is expressed as follows: ) is the gas constant and T (K) is the absolute temperature. A and B can be specified by plotting q e against lnC e . As shown in Table 2 , the quantity of R 2 related to the Temkin ishoterm is significantly lower compared to the Freundlich isotherm. As a result, the adsorption of Cu(II) and Ni(II) on reformed adsorbents cannot be properly expressed by the Temkin isotherm.
The last model used in the present study is DubininRadushkevich (D-R). Similar to Langmuir model, this model is based on assumptions such as considering a non-homogeneous surface or a constant sorption potential. The D-R isotherm can be expressed as follows (25) 
Calculated constants which are to do with D-R model are illustrated in Table 2 . As can be observed, the correlation coefficient has a lower value in comparison with those of other three isotherms. From a comparison point of view, the D-R isotherm represents the least consistent with experimental data. Some other adsorbents which were applied in order to eliminate metal ions as contaminants are tabulated in Table 3 . As is evident, the capacity of the absorbent prepared in this study is significantly higher than previous ones (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) . This marked difference represents that the prepared adsorbents in this study could be considered as promising adsorbents for large scale applications. To be concise, the prepared adsorbents in this study possess great affinity toward adsorption of metal ions.
Kinetics studies
The adsorption kinetics were studied for better comprehension of the dynamics of adsorption of metal ions on the applied adsorbents. The effect of contact time on the adsorption of Cu 2+ and Ni 2+ on Ha-Am-Paa-Sep and Phy-Paa-Sep is illustrated in Figure 7 . As can be seen, from 10 to 60 min, metal ions adsorption ascends steeply. The diagram reached a peak at 60 min which is normally known as the equilibrium time and after this point the trend remains unchanged. In fact, all active sites on the adsorbents surface are first unoccupied and the adsorbate concentration is at the highest value. Therefore, the adsorption process proceeds at higher rate due to the greater concentration gradient and more available sites. Afterward, a limited number of vacant active sites are available. Consequently, the adsorption rate increases slightly to a constant value (saturated point) (36) . This fast adsorption pace can be really appealing from an economic point of view and it can be considered as a practical solution in industry. In other words, these kinds of adsorbents can be applied on a large scale (37) .
Both prepared adsorbents possess a high swelling capacity in water owing to the existence of MBA crosslink units in polymer/clay composites. Accordingly, its networks are adequately expanded to make a rapid diffusion of metal ions through an adsorbent more feasible. As a result, these expanded networks of the adsorbent favors the interaction between the phosphate groups of phytic acid (in Phy-Paa-Sep) and the carboxyl groups of humic acid (in Ha-Am-Paa-Sep) with divalent cations (such as copper and nickel ions) (37, 38) .
The kinetics' adsorption data of Cu 2+ and Ni 2+ on HaAm-Paa-Sep and Phy-Paa-Sep were studied by using the Lagergren pseudo-first-order and pseudo-second-order kinetic models (38) . The first and second order models are represented in equations [11] and [12] , respectively:
where, q e and q t are the amounts of adsorbate (mg · g ) are the corresponding rate constant of pseudo-first-order and pseudo-second-order adsorption rate constant. All the parameters obtained from the linear regression analysis are listed in Table 4 .
As seen in Table 4 , it can be concluded that a pseudosecond-order equation provides the best correlation coefficient between calculated q e values and the experimental data, while the pseudo-first-order equation gives poor fitting of experimental data for the adsorption of Cu 2+ and Ni 2+ on Ha-Am-Paa-Sep and Phy-Paa-Sep. In general, there are three subsequent stages for adsorption of adsorbate on porous media. (I) Transport of the adsorbate to the outer layer of adsorbent (film diffusion), (II) transport of adsorbate inside the pores of the adsorbent (pore diffusion), and (III) adsorption of the adsorbate on the interior surface of the adsorbent. Among these steps, first and second ones are known as rate controlling stages while, the last stage is very swift and considered to be insignificant on the rate limiting (22).
Desorption and regeneration studies
From an economic standpoint, adsorbent regeneration after adsorption process is highly important. In other words, adsorbate (metal ions) should be easily desorbed by introducing a reagent which does not destroy the adsorbent. For instance, wastewater treatment on a large scale can be economically feasible when regeneration processes are normally performed without any trouble (2) .
For this purpose, four distinctive reagents including 0.1 mol · l −1 solution of HCl, NaCl, NaOH and NaCO 3 were applied to regenerate the adsorbents. The best results were achieved by employing HCl. In fact, HCl solution (0.1 mol · l ) over four sequenced cycles. It is worth noting that desorbed humic acid or phytic acid was negligible in the resultant solution as confirmed using a UV-vis spectrophotometer.
In the following step, 0.2 g Ha-Am-Paa-Sep or Phy-PaaSep was used to remove metal ions, and then recovery of adsorbed metal ions was carefully investigated. Equations [3] and [4] were used to calculate adsorption (S%) and desorption (D%) percentages and the results of the corresponding experiments are shown in Figure 8 . It should be noted that instead of S% and D%, a general term, i.e. removal efficiency, was used in Figure 8 .
As shown in Figure 8 , the amount of Cu 2+ adsorption on Ha-Am-Paa-Sep slightly decreased from 83 to 78% after four consecutive adsorption-desorption cycles. Additionally, there was a marginal decrement of 7% in desorption of Cu 2+ from Ha-Am-Paa-Sep. The same trend was observed for adsorption and desorption of Cu 2+ from Phy-Paa-Sep. The similar adsorptions-desorption cycles for Ni 2+ adsorption on both provided adsorbents can be observed in Figure 8 .
Conclusion
In this study, a special effort was focused on developing two new and efficient adsorbents (Ha-Am-Paa-Sep and Phy-Paa-Sep) to adsorb Cu (II) and Ni(II) ions from aquatic solutions. The effects of contact time, pH, metal ions concentration, adsorbent dose and temperature were carefully investigated on the adsorption process. The results demonstrated that in acidic pH, metal ions adsorption enhanced considerably and the equilibrium condition occurred after 60 min. In addition, at equilibrium time, the increment in metal ions concentration led to the rise in the amount of metal ions adsorbed per unit weight of adsorbent. The enhancement in adsorbent dose from 0.1 to 0.2 g · l −1 resulted in an obvious increase in the adsorption process. Hence, the optimum amount of adsorbent was considered 0.2 g · l −1
. Moreover, variation in temperature confirmed that the maximum adsorption took place at 25°C. In accordance with the adsorption data, the maximum amounts of metal ions adsorbed on Ha-AmPaa-Sep and Phy-Paa-Sep was found for Ni(II) compared to Cu(II). Adsorbent regeneration was last performed using 0.1 mol/g −1 HCl and it can be concluded that adsorbent can be used for four sequential cycles. 
